Introduction
Abnormalities of the hippocampal formation, which is involved in various forms of learning and memory as well as in more complex cognitive functions, 1 have been described in association with several of the major mental illnesses. Numerous postmortem studies have shown abnormalities of histology, morphometry, neurochemistry and gene expression in the hippocampus of people with schizophrenia, 1-3 bipolar disorder [4] [5] [6] and depression. 5, [7] [8] [9] Individuals with schizo phrenia have shown hippocampal hypofunctionality with simultaneous prefrontal cortex hyperactivation during episodic memory retrieval tasks. 10, 11 Moreover, functional neuroimaging reveals a connection between overactivation of the hippocampus and the positive psychotic symptoms of schizophrenia, such as hallucinations and delusions. 10, [12] [13] [14] This hyperactivity may be due to alterations involving the feedback and/or feed-forward activity of neurons within the hippocampus. 15, 16 This observed hippocampal overactivity may be a primary abnormality in the hippocampus of individuals with schizophrenia owing to a lack of inhibition. 16 However, only limited studies have examined inhibitory neurons in the hippocampus of individuals with schizophrenia [17] [18] [19] or determined whether putative reductions in inhibitory neurons are potentially linked to alterations in neurotrophin signalling, as has been found in the neocortex.
Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family, is involved in many aspects of neural development and plasticity, including regulating the maturation of inhibitory γ-aminobutyric acid (GABA) neurons through the signalling of its tyrosine kinase receptor, trkB-TK+. In vivo and in vitro studies show that BDNF induces the expression of glutamic acid decarboxylase (GAD 67 ), 20, [23] [24] [25] [26] suggesting that abnormal signalling in the BDNF/trkB-TK+ pathway may lead to abnormalities in GABAergic neurons. Furthermore, a downregulation of BDNF, trkB-TK+ and GAD 67 mRNA has been identified and replicated in the prefrontal cortex of patients with schizophrenia. [20] [21] [22] Thus, a goal of this study was to determine if a similar downregulation of BDNF and trkB-TK+ mRNA occurs in the hippocampus of patients with schizophrenia and if their expression levels correlate with a reduction in GAD 67 mRNA expression in the hippocampus.
Brain-derived neurotrophic factor has also been implicated in the etiology of major depression. The "neurotrophic hypothesis of depression" is based on several observations, including the following: BDNF expression is decreased in patients with depression, levels of hippocampal BDNF are correlated with stress-induced behaviours and antidepressant treatments enhance the expression of BDNF. [27] [28] [29] Thus, in this study, we tested whether BDNF, trkB-TK+ and GAD 67 mRNA expression was altered in the hippocampal formation of individuals with schizophrenia and mood disorders and determined whether similar or distinct deficits existed across the different mental disorders. Understanding the regional and diagnostic specificity of deficits involving BDNF, trkB-TK+ and GAD 67 mRNA expression may link molecular abnormalities of growth factor pathways and inhibitory neur ons, thereby providing a neuroanatomic context to identify the causes of certain known pathologies. This understanding could then ultimately lead to the identification of targets for therapeutic treatments.
Methods

Tissue
Frozen coronal sections from the medial temporal lobe at the level of the midhippocampus in postmortem brain samples (2 sections per individual; 14 µm thick) were obtained from the Stanley Medical Research Institute (SMRI) Neuropathology Consortium. This cohort consists of 60 individuals in 4 groups: 15 each with schizophrenia, bipolar disorder or depression and unaffected controls ( Table 1 ). The Office of Research at the Uniformed Services University of the Health Sciences, Maryland, reviewed and approved the collection protocol. The details of this cohort regarding brain collection, storage and postmortem diagnosis have been reported previously. 30 In addition, all diagnostic groups were matched according to sex, age, race, postmortem interval (PMI) and brain pH ( Table 1 ). The RNA integrity number (RIN) was derived from frontal pole screens of RNA quality done by SMRI; RIN values are available upon request.
Riboprobes
The human BDNF complementary DNA (cDNA) corresponding to the common protein coding exon IX 511bps that corresponds to nucleotides 704-1214 (accession #M61176) was subcloned into the Apa1 site of the 2.96 Kb Bluescript vector (Stratagene). Human TrkB-TK+ cDNA, 216 beats/s corresponding to nucleotides 1753-1969 (accession #U12140), was inserted into the TA cloning site of the 3.9 Kb pCRII vector (Invitrogen) and recognizes the full-length tyrosine kinase containing form of the receptor. The human GAD 67 cDNA, 289bps corresponding to nucleotides 1678-1967 (accession #M81883), was inserted into the TA cloning site of the 3.9 Kb pCRII vector (Invitrogen).
Generation of riboprobes
Antisense and sense riboprobes for BDNF, trkB-TK+ and GAD 67 were generated from complementary DNA templates using a T3, T7 or SP6 polymerase, respectively. Ribonucleic acid transcription occurred in the antisense and sense direction in the presence of 35 S-UTP (Amersham) using an in vitro transcription kit as recommended by the manufacturer (Promega) and the aforementioned cDNA templates. Riboprobes with a specific activity of 2.2 × 10 9 were purified via ethanol precipitation.
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In situ hybridization
Slides were fixed, acetylated, delipidated and dehydrated according to standard protocols 31 and performed on 2 consecutive sections per individual per brain region. We added 300 µL of radiolabelled (5 ng/mL) antisense probe in hybridization cocktail to each slide. 31 We then placed the sections into humidified chambers overnight at 55°C. We performed RNase digestions and stringent washes posthybridization as previously detailed. 31 BioMax MR (Kodak) film was exposed to the slide for 1 (GAD 67 and trkB-TK+) to 2 weeks (BDNF). We used sense strand hybridization to determine nonspecific signalling. These sections, which were treated in the same manner as the sections receiving the antisense probe, showed no hybridization signal (Appendix 1, available at cma.ca/jpn).
Image analysis
The regions of the hippocampal formation that we analyzed include the dentate gyrus (DG), cornu ammonis subfields (CA1-4), subiculum and entorhinal cortex (EC) layers I-VI, as defined by Rosene and Van Hoesen 32 (Appendix 2, available at cma.ca/jpn). We analyzed all autoradiograms blind to diag nosis using calibrated densitometric image analysis with a 14 C standard (nCi/g; Amersham). We measured the mean optical density of 3 regions of interest (ROIs) in each hippocampal area for BDNF, trkB-TK+ or GAD 67 mRNA. Data for individual cortical lamina in the caudal aspect of the EC (subdivision 28Mc) 33 were obtained using the percentage of the total cortical width occupied by each layer according to the criteria of Insausti and colleagues. 34 The percentages of full entorhinal cortical width corresponding to the individual lamina were as follows: I (1%-12%), II (13%-30%), III (31%-65%), V (66%-76%) and VI (77%-100%). Because GAD67 mRNA expression was homogeneously distributed within the EC, we measured 3 ROIs traversing the entire cortical area. Using radioactive standards, we then computed the densities of each probe (µg/Ci) from optical density data.
Statistical analysis
We used Statistica 6.0 (Statsoft) to determine if differences existed among the 4 diagnostic groups in the mRNA expression levels for each of the probes, BDNF, trkB-TK+ and GAD 67 , in each anatomically defined region of the mesial temporal lobe. Spearman rank correlations were performed to determine whether BDNF, trkB-TK+ or GAD 67 mRNA expression were related to brain pH, age, PMI, RIN, storage time and/or lifetime neuroleptic drug use. If a correlation was observed, we used analysis of covariance (ANCOVA) to assess the data. However, if no correlations were detected, then we used analysis of variance (ANOVA). If ANOVA reached significance, we performed a Bonferroni post hoc test to identify the diagnostic groups responsible for the significant finding. The Grubb test was used to calculate the outliers in each diagnostic group and resulted in the removal of samples from 1-2 individuals (3%) per ROI. We also performed correlation analyses to assess correlations between GAD 67 mRNA levels and BDNF, and between GAD 67 and trkB-TK+ levels in each hippocampal area.
We determined if BDNF, trkB-TK+ or GAD 67 mRNA varied according to descriptive categorical characteristics (i.e., cerebral hemisphere, sex, suicide, history of substance abuse or dependence, smoking) by using t tests for unequal samples. To evaluate the effect that additional medications (antidepressants or mood stabilizers) may have had on BDNF, trkB-TK+ or GAD 67 mRNA expression, we divided samples from all individuals into 3 groups; those from individuals not taking the medication at the time of death (antidepressants n = 19, mood stabilizers n = 29), those taking the medication at the time of death (antidepressants n = 24, mood stabilizers n = 14) and unaffected controls (n = 15). We used analyses of variance to examine the effect of these medication categories in all hippocampal regions. If an ANOVA reached significance, we performed a post hoc least significance test (LSD) to identify the group comparisons responsible for the significant finding.
Results
Anatomic pattern of BDNF, trkB-TK+ and GAD 67 mRNA expression
Brain-derived neurotrophic factor, trkB-TK+ and GAD 67 mRNA were expressed throughout the hippocampal formation in all 4 groups analyzed ( Fig. 1) . Qualitatively, mRNA expression for the 3 probes was most robust in the DG compared with the other areas examined. Brain-derived neurotrophic factor and trkB-TK+ mRNA showed heavy punctate signal in CA4, whereas GAD 67 mRNA displayed a somewhat lighter and even more punctate signal in this region, consistent with expression in interneurons. Brain-derived neurotrophic factor and trkB-TK+ mRNA signals in CA3 were very robust and homogeneous, whereas GAD 67 mRNA expression appeared more distributed, weaker and more punctate. We observed a moderate and diffuse (trkB-TK+, BDNF) or punctate (GAD 67 ) signal in CA1 for all 3 probes. In the subiculum, trkB-TK+ and GAD 67 showed a moderate-light punctate signal, whereas BDNF mRNA signalling was more variable. We observed a strong laminar pattern for BDNF and trkB-TK+ mRNA in the EC, with a stronger signal in layers II and V; GAD 67 mRNA was expressed in a more diffuse punctate pattern in the EC.
BDNF, trkB-TK+ and GAD 67 mRNA levels in the hippocampus vary according to diagnosis in a subregion-specific manner
Dentate gyrus
Correlations with demographic variables: BDNF mRNA expression correlated with brain pH (r = 0.29, p = 0.029; Appendix 3, available at cma.ca/jpn), whereas trkB-TK+ mRNA levels correlated with PMI, pH and RIN (r = -0.28, p = 0.040; r = 0.37, p = 0.005; r = 0.32, p = 0.019, respectively; Appendix 3). Levels of GAD 67 mRNA did not correlate with any demographic variable in the dentate gyrus.
Effect of diagnosis: We did not find a significant main effect of diagnosis for BDNF or trkB-TK+ mRNA levels in the dentate gyrus (F 3,50 = 1.45, p = 0.24; F 3,47 = 1.33, p = 0.27; Table 2 ). We detected a significant main effect of diagnosis for GAD 67 mRNA levels (F 3,48 = 3.13, p = 0.034; Table 2 ) in the dentate gyrus. Bonferonni post hoc testing showed a significant reduction (22%) in GAD 67 mRNA levels in the schizophrenia group (p = 0.022) compared with controls ( Fig. 2A) .
Cornu ammonis subfield 4
Correlations with demographic variables: BDNF mRNA expression was correlated with brain pH (r = 0.29, p = 0.030; Appendix 3), whereas trkB-TK+ mRNA levels were correlated with PMI (r = -0.38, p = 0.005) and pH (r = 0.33, p = 0.013; Appendix 3). We found that GAD 67 mRNA correlated with RIN values (r = 0.30, p = 0.024; Appendix 3). Effect of diagnosis: We found a significant effect of diagnosis on BDNF mRNA levels (F 3,51 = 2.90, p = 0.044; Table 2 ) and on trkB-TK+ mRNA levels (F 3,49 = 3.39, p = 0.025; Table 2 ) in the CA4 subfield of the hippocampus. Post hoc tests showed that BDNF mRNA levels were significantly reduced in the bipolar disorder group (33%, p = 0.024) compared with controls (Fig. 2B) . The schizophrenia group also showed a decrease in BDNF in CA4, and the magnitude of the decrease was similar to that in the bipolar disorder group (26%); however, this only reached trend levels of significance. Post hoc testing also showed that trkB-TK+ mRNA levels were significantly reduced in the schizophrenia group (36%, p < 0.001) compared with controls (Fig. 2B) . Analyses of covariance revealed a significant effect of diagnosis for GAD 67 mRNA levels (F 3,49 = 4.42, p = 0.008; Table 2 ) in CA4. Post hoc testing revealed a significant reduction in GAD 67 mRNA levels in both the schizophrenia (60%, p = 0.003) and major depression (44%, p = 0.030) groups (Fig. 2B) .
Cornu ammonis subfield 3
Correlations with demographic variables: Brain pH correlated with BDNF mRNA levels (r = 0.37, p = 0.006; Appendix 3), whereas PMI correlated with both trkB-TK+ (r = -0.31, p = 0.025; Appendix 3) and GAD 67 (r = -0.35, p = 0.015; Appendix 3). RNA integrity also correlated with GAD 67 mRNA expression (r = 0.37, p = 0.009; Appendix 3).
Effect of diagnosis: We did not detect any significant effect of diagnosis for either BDNF, trkB-TK+ or GAD 67 mRNA (all p > 0.10) in CA3 ( Table 2 ).
Cornu ammonis subfield 1
Correlations with demographic variables: BDNF and trkB-TK+ mRNA levels were not correlated with any demographic variable in CA1. However, GAD 67 mRNA levels were significantly correlated with PMI and RIN (r = -0. 48, p < 0.001; r = 0.31, p = 0.019, respectively; Appendix 3).
Effect of diagnosis: There were no significant effects of diag nosis revealed by ANOVA or ANCOVA for BDNF, trkB-TK+ or GAD 67 mRNA in CA1 (all p ≥ 0.10; Table 2 ). 
Subiculum
Correlations with demographic variables: BDNF mRNA levels were significantly correlated with pH (r = 0.31, p = 0.032), whereas trkB-TK+ and GAD 67 mRNA was significantly correlated with PMI (r = -0.34, p = 0.012; r = -0.40, p = 0.002; Appendix 3). Effect of diagnosis: ANCOVA revealed no significant effect of diagnosis (all p ≥ 0.10) for BDNF, trkB-TK+ or GAD 67 mRNA in the subiculum (Table 2) . Effect of diagnosis: We did not detect a significant effect of diagnosis on BDNF mRNA levels in any layer of the EC (Table 2) . However, we did detect a significant effect of diagnosis for trkB-TK+ mRNA expression in layer II (F 3,35 = 4.23, p = 0.012; Table 2 ). Post hoc testing revealed that the bipolar disorder (28%) and major depression (21%) groups had significantly less trkB-TK+ mRNA expression in layer II compared with controls (p ≤ 0.045; Fig. 2C ). There was no significant effect of diagnosis on the level of GAD 67 mRNA in the EC (F 3,41 = 1.14, p = 0.34; Table 2 ).
Entorhinal cortex
Analysis of noncontinuous variables on BDNF, trkB-TK+ and GAD 67 mRNA levels
Levels of BDNF, trkB-TK+ and GAD 67 mRNA did not typically differ according to sex, hemisphere, suicide, history of substance abuse or dependence or smoking in any of the BDNF = brain-derived neurotrophic factor; CA = cornu ammonis subfield; GAD 67 = glatamic acid decarboxylase; SD = standard deviation; trkB-TK+ = tyrosine kinase receptor. *Bipolar disorder < normal, p = 0.004. †Schizophrenia < normal, p < 0.001. ‡Major depression < normal, p = 0.006; bipolar disorder < normal, p = 0.002. §Schizophrenia < normal, p = 0.004. ¶Schizophrenia < normal, p < 0.001; major depression < normal, p = 0.005.
areas examined in the overall group. However, in CA1 and layer II of the EC there was significant reduction (19% for both) in BDNF mRNA in men compared with women (p ≤ 0.034; Appendix 4, available at cma.ca/jpn), and in layer III of the EC there was a significant reduction (17%) in BDNF mRNA in the left hemisphere compared with the right (p = 0.037). Finally, individuals who committed suicide were also found to have significantly less trkB-TK+ mRNA in layer II of the EC (p = 0.017; Appendix 4) compared with those who did not commit suicide.
Effect of antidepressants and mood stabilizers on mRNA levels
There was no correlation between the continuous variable of lifetime neuroleptic use (in fluphenazine mg equivalents) and BDNF, trkB-TK+ or GAD 67 mRNA levels (Appendix 3). However, to account for the possible effect of antidepressants and mood stabilizers on BDNF, trkB-TK+ and GAD 67 mRNA levels, we performed ANOVAs on all hippocampal areas comparing individuals taking antidepressants at the time of death (n = 24), patients free of antidepressants at the time of death (n = 19) and unaffected controls (n = 15). Whereas ANOVA revealed a significant effect of group in multiple areas for each probe, the most interesting results were found in 2 subregions of the hippocampus: the DG and the CA4 -the same regions where the diagnostic effects were strongest. Through LSD analysis, we found that trkB-TK+ and GAD 67 levels were significantly reduced in the DG in the group without recorded use of antidepressants compared with the other 2 groups (p = 0.006 and p = 0.011; Fig. 3 ). Least significance testing also revealed that BDNF and trkB-TK+ mRNA levels were significantly reduced in CA4 in the group without recorded use of antidepressants compared with the other 2 groups (p = 0.012 and p = 0.003; Fig. 3 ). The level of GAD 67 mRNA was significantly downregulated in both patient groups compared with controls (p < 0.004), suggesting that GAD 67 mRNA is not changed by antidepressant treatment. Whereas individuals taking antidepressants generally had higher levels of BDNF, trkB-TK+ and GAD 67 mRNA than those not taking antidepressants, they were not necessarily at the level of controls in CA4. A similar ANOVA analysis for mood stabilizers revealed that they had no effect on the expression of BDNF, trkB-TK+ or GAD 67 mRNA in any of the subregions in the hippocampal formation.
Correlations between GAD 67 mRNA levels and BDNF and trkB-TK+ levels
In the dentate gyrus, GAD 67 mRNA levels correlated with both BDNF (r = 0.36, p = 0.011) and trkB-TK+ mRNA expression (r = 0.69, p < 0.001) across the 60 individuals. Similar cor relations were found in CA4 , (r = 0.51, p < 0.001; r = 0.68, p < 0.001, respectively), CA3 (r = 0.46, p = 0.003; r = 0.52, p < 0.001, respectively) and the EC (r = 0.63, p < 0.001; r = 0.40, p = 0.007; Appendix 5, available at cma.ca/jpn). In CA1 and the subiculum GAD 67 mRNA was correlated with trkB-TK+ mRNA levels only (r = 0.37, p = 0.007; r = 0.41, p = 0.003, respectively; Appendix 5).
Discussion
We report a significant reduction in the expression of BDNF, trkB-TK+ and GAD 67 mRNA in several temporal regions of individuals with schizophrenia and mood disorders. The most striking reductions in mRNA were found in the DG, CA4 subregions of the hippocampus and in layer II of the EC. Brainderived neurotrophic factor mRNA was significantly reduced in CA4 (hilar region) in the bipolar disorder group, and both the major depression and bipolar disorder groups had reduced levels of trkB-TK+ mRNA in layer II of the EC. Reductions in trkB-TK+ mRNA expression were also observed in CA4 in the schizophrenia group. The schizophrenia and major depression groups also showed reductions in GAD 67 mRNA expression in CA4. We found that GAD 67 mRNA expression was also lower in the DG in the schizophrenia group. Thus, in the hippocampus, the abnormalities in schizophrenia occur mainly in trkB-TK+ and GAD 67 mRNAs and to a lesser extent in BDNF mRNA, whereas in bipolar disorder the abnormalities are most prominent in BDNF and trkB-TK+ mRNAs. These 2 psychotic disorders appear to share some neurotrophin pathology, especially in CA4, yet they also have a somewhat different pattern of abnormalities with imprecise overlap. The results from this study corroborate those of earlier studies that describe abnormalities in the expression of cortical BDNF and trkB-TK+ mRNA in individuals with schizophrenia while also extending these findings to a third independent cohort and additional brain regions. 20, 21 Studies of BDNF protein levels in the hippocampus of patients with schizophrenia have yielded inconsistent results; 35 however, a recent study using this same cohort reported no abnormalities in proBDNF protein levels in the hippocampus of the schizophrenia group. 36, 37 Likewise, we find only a limited decrease in BDNF mRNA, restricted to CA4 in the hippocampus in the schizophrenia group. Whereas there was a reduction in BDNF mRNA in CA4 in the schizophrenia group, it did not reach a level of significance after Bonferroni testing; however, the level of BDNF in CA4 in the schizophrenia group was not significantly different from that in the bipolar disorder group, suggesting that the BDNF mRNA reduction is similar in these 2 disorders (Fig. 2A) . Thus, the failure to detect a significant change in schizophrenia likely reflects the increased variability in BDNF expression in the schizophrenia group, the relatively low number of individuals with schizophrenia and the conservative statistical significance criteria rather than a true biological difference. Nevertheless, the abnormalities in BDNF mRNA and protein expression 36 tend to be more pronounced in bipolar disorder. In contrast, we found significant deficits in trkB-TK+ mRNA levels in the hippocampus of the schizophrenia group, but the protein levels for trkB-TK+ did not appear to decline in schizophrenia. 36 Reductions in trkB-TK+ mRNA levels were also observed within layer II of the EC in individuals with bipolar disorder and major depression but not schizophrenia. Layer II consists primarily of densely packed stellate, interneuronal and medium-large pyramidal cells, 38 which project to the dentate gyrus and CA3. Qualitative microscopic analyses of morphologic abnormalities as well as quantitative measurements of neuronal density revealed no significant differences between the schizophrenia and control groups, 39, 40 which supports our result showing no significant differences in BDNF, trkB-TK+ or GAD 67 mRNA expression between individuals with schizo phrenia and unaffected controls in this region. However, a study by Pantazopoulos and colleagues 41 reported a decrease in parvalbumin-immunoreactive neurons within the superficial layers of the EC in individuals with bipolar disorder but not those with schizophrenia. This calcium-binding protein delineates inhibitory interneurons within the cortex and has revealed GABAergic abnormalities in the dorsolateral prefrontal cortex (DLPFC) and hippocampus in the major psychiatric disorders. 18, 42, 43 Since trkB-TK+ is also associated with inhibitory neurons, the expressional deficits of trkB-TK+ mRNA in layer II could be a result of a loss of GABAergic neuronal density within this superficial layer of the EC in individuals with bipolar disorder or depression. However, additional studies will be necessary to directly correlate the parvalbumin deficit with trkB-TK+ expression.
Numerous studies have shown that BDNF and/or trkB-TK+ signalling may also be associated with depressive behaviour. Levels of BDNF and trkB-TK+ mRNA were not changed in the hippocampus of the major depression group, although there was a decrease in trkB-TK+ mRNA levels in layer II of the EC in individuals with depression. However, chronic treatment with antidepressants increases the expression of BDNF and trkB-TK+ in the hippocampus of the rat brain, and hippocampal BDNF immunoreactivity is elevated in clinically depressed patients treated with antidepressants. 44 Moreover, a recent study has shown that a selective deletion of BDNF within the DG in mice results in a reduction of antidepressant efficacy, suggesting that BDNF is essential for medi ating the beneficial effects of antidepressants. 45 In conjunction with these findings, we also found that compared with patients taking antidepressants at the time of death, patients free of antidepressants at the time of death expressed significantly less BDNF and trkB-TK+ mRNA in the DG and CA4 regions, where this antidepressant effect has also been found. 44 This indicates that antidepressants were more likely to obscure abnormal BDNF/trkB-TK+ mRNA expression than to cause the reduction observed in this study.
Brain-derived neurotrophic factor trkB-TK+ signalling appears to regulate both excitatory and inhibitory impulses within the hippocampal formation. 23, 25 Multiple studies have shown that BDNF and trkB-TK+ mRNA expression levels are increased by glutamate activity, 23, [46] [47] [48] [49] and that trkB-TK+ is located, although not exclusively, in GABAergic neurons, 23, 50 which contain the GABA-synthesizing enzyme GAD 67 . This suggests that BDNF/trkB-TK+ signalling participates in regulating the balance between excitation and inhibition within the hippocampus. We found that GAD 67 mRNA levels were sig nificantly reduced in the DG in the schizophrenia group and in CA4 in the schizophrenia and major depression groups. These reductions in GAD 67 expression may have implications for neuroimaging studies that show an increase in hippocampal activity during the retrieval of words, 10,51 auditory hallucinations 13 and rest [52] [53] [54] [55] in individuals with schizophrenia. Together these results indicate that the abnormal activity seen in individuals with schizophrenia may be due to a decrease in the inhibitory tone mandatory for normal hippocampal function. Several studies have shown that there is a reduction in the density of at least a subset of the hippocampal GABAergic interneurons, 17, 18, 56 as well as a reduction in GAD 67 mRNA in the hippocampus. 57, 58 Thus the decrease of GAD 67 mRNA observed in this study could also be due to a reduction in the density of GABAergic neurons.
Previous studies have indicated that abnormal signalling in the BDNF/trkB-TK+ pathway may lead to abnormalities in the GABAergic neurons. 20, [23] [24] [25] [26] Whereas GAD 67 mRNA levels were correlated with both BDNF and trkB-TK+ in almost all hippocampal areas examined, the correlations were much stronger with trkB-TK+. However, given the abnormal trkB-TK+ expression, for example, in layer II of the EC in the bipolar disorder and major depression groups, one may expect to see abnormalities of GAD 67 mRNA expression in the EC or downstream in the DG or CA3 in the bipolar disorder and depression groups. In contrast to what was expected, there were no GAD 67 mRNA abnormalities in the EC, and the GAD 67 mRNA abnormalities in the DG actually occured in the schizophrenia group. Thus, although there may be an underlying connection between the reductions in GAD 67 expression and BDNF/trkB-TK+ signalling in the hippocampus of people with mental illness, the relation is complex and cannot be definitively resolved with the current data.
Limitations
The limitations encountered in this study are those that are common to all human postmortem brain research and require accounting for various demographic and clinical variables that may influence molecular preservation in the tissue. We covaried for each variable that significantly correlated with BDNF, trkB-TK+ or GAD67 mRNA expression levels in the analysis. In addition, there are limitations to film-based densitometric measurement, which does not allow us to determine if a decrease in mRNA signal in a given area is due to less mRNA per cell, fewer expressing cells or fewer cells altogether. Nevertheless, film-based densitometric measurement is well established as an acceptable and well validated method in postmortem neuropathology research. Film-based quantification is an efficient way to assess a large number of samples. Thus, we were able to survey a larger surface area of anatomically defined tissue in a larger number of sections (n = 120 in this cohort) than would have been possible at the cellular level. In addition, to account for possible lim itations due to the sensitivity of the film-based method of quantification, we used standards to calibrate the radioactivity, which is a widely accepted practice.
Conclusion
This study adds to mounting evidence that hippocampal pathology exists in schizophrenia and other psychiatric illnesses. Each major mental disorder showed some overlap but also some differences in the pattern of abnormalities in BDNF, trkB-TK+ and GAD 67 mRNA expression levels depending on the probe used and area examined. It has been reported that BDNF/trkB-TK+ signalling influences the development of cortical GABA neurons and the expression of GAD 67 . 20, 26, 59, 60 However, it is not clear how the GAD 67 abnormalities described in this study relate to abnormalities in BDNF and trkB-TK+ given the variability in magnitude and anatomic pattern of change in the neurotrophins and the apparent lack of reduction in GAD 67 mRNA despite reductions in both BDNF and trkB-TK+ in individuals with bipolar disorder. Future studies at the cellular level will give more insight into which particular cells are affected in each disorder, and may eventually lead to new targets for pharmaceutical treatments.
